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Figure  i.  Specific  impulse  of  HEDM  containing  4  mole  percent  equivalent  atom  density  in  solid  hydrogen  with 
various  stages  of  condensation.  Numbers  inside  circles  denote  the  optimum  moles  of  02  per  100  moles  of  H,  that 
produces  the  maximum  Isp  for  the  indicated  compositions.  The  calculations  are  based  on  the  standard  rocket 
operating  conditions,  1000  psi  combustion  pressure  and  I  atm  nozzle  exit  pressure,  which  produce  389  sec  with 
liquid  oxygen/liquid  hydrogen  propellant.  The  propellant  composed  of  4  mole  percent  C-atoms  produces  maximum 
Isp  with  no  oxygen.  If  the  atoms  condense  to  I  mole  percent  C4,  the  Isp  drops  to  the  baseline  389  sec  value. 
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1.  FTIR  spectroscopy  of  BjCn.j  clusters  isolated  in  10  K  argon  matrix 

2.  Ab-initio  calculations  of  cluster 

(a)  normal  mode  frequencies  and  frequency  shifts  of  their  isotopomers 

(b)  infrared  absorption  intensities  (km  mol'1) 


3.  Measurement  of  cluster  distributions  produced  upon  deposition  and  after 
annealing  .  Absolute  column  densities  (molecules  cm'2)  from  Beer’s  Law 
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Unea^ BC  ^  ismopom e rs  (as  explained  in  the  text)  and  small  filled  mangles  show  measured  -topomer  frequences. 
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FIG.  3.  FTIR  spectra  of  the  (rr„)  mode  of  isotopomers  of  linear  BCCB.  The  spectra  were  recorded  after  annealing  the  matrices  with  the  indicated 
compositions  at  27.5  K  for  150  s.  The  large  open  triangles  at  the  bottom  show  the  predicted  frequencies  of  linear  BCCB  isotopomers  (as  explained  in  the  text) 
and  small  filled  triangles  show  measured  isotopomer  frequencies. 


TABLE  IV.  Experimental  B:C2  isotopomer  frequency  patterns.  Frequencies  and  frequency  intervals  (cm*')  in 


triplet  bands  of  B2C2  isotopomers. 
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‘Frequencies  and  intervals  in  parentheses  were  interpolated  or  extrapolated  from  measured  quantities. 
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The  sources  of  B2C2  are  from  condensation  of  atom  plus  trimer  (B  +  BC2  but  not  C  +  B2C)  or  dimer  + 
dimer  (BC  +  BC  but  not  B2  +  C2).  Although  BC  was  not  observed,  the  upper  limit  of  p(BC)  is  larger 
than  p(B2C2)  so  that  BC  cannot  be  ruled  out  as  a  source  of  B2C2. 

The  growth  of  B2C2  is  conclusive  evidence  of  the  presence  of  BC  and/or  B  in  the  originally  deposited 
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atoms  is  attacked.  The  major  reorganization  of  electronic  energy  involved  in  opening  the  ring 
appears  to  occur  with  little  (<  ~3  kcal  mol"1)  or  no  energy  barrier,  which  makes  this  small  molecule  a 
candidate  for  an  interesting  ab-initio  study  of  unusual  reactivity  at  low  temperature. 


Production  of  Cryogenic  HEDM  with  Five  Mole  Percent  Atoms. 


JS 

> 

o 

o 

-L— A 

8S 

o 

3 

o 

N 

j- 

Vh 

a 

£ 

2 

a 

e 

o 

S-i 

o 

If 

o 

CQ 

4-1 

4-1 

o 

o 

CO 

Ch 

’53 

O  (D 

2  <g 

O  fa 

§ 

&  ^ 

<D 

> 

- 

3 

>%  o 

X)  —1 

a 

cd 

Sh 

Q  o 

cr 

s  ° 

”0 

S  cd 

§ 

O  o 


DO 

§  S3 

Ph  £ 


CS 

O  co 
\p  C 
cd  O 
O  \£ 

«  cd 

C  o 
CD  ^ 
^  cd 


8  o 
£  & 


<D 

&  & 

<N  O 

o  ^ 

PQ  £ 

"S  ° 

C  co 

3  c 
^  o 

ro  •  *H 

U  o 

«  *3 

€%  <d 

S>  & 
ffl  2 

cd 

U  is 
CQ  ° 
£  £ 
O  co 
CO 

.2  1 

t3  £ 

2  eta 
o  .5 

j-i 

^  13 

.2  3 

g  D 

1  6 

£  *e 

>T>  0) 
"O  d, 

2  5? 
£  a> 

1  S> 

T3  o 

£  ta 
£ 

W  c 

!  1 

2  «a 
2  .2 
to  ’2' 

CO 

(U 

•T3  <L> 
•rj  O* 


a  3 


Using  the  Standard  Comparative  Scheme  adopted  for  the  Isp  of  HEDM  propellants  (5  mole  percent  HEDM 
molecule  in  solid  hydrogen)  the  predicted  Isp  of  these  new  molecules  stack  up  against  the  standards  as  follows. 


Summary  (continued) 
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